The present study was conducted to evaluate the effects of feeding whole linseed on the laying performance and egg characteristics in laying hens kept at high ambient environmental temperatures (average 34 ºC; the diurnal temperature range 26 ºC to 41 ºC). Two hundred and forty 38-wk-old white Leghorn laying hens were fed diets containing 0, 5, 10 or 15% whole linseed (as a source of n-3 polyunsaturated fatty acids) for a period of 12 weeks. Egg production was recorded daily, while feed intake and egg characteristics were monitored on weekly basis. The results of the study demonstrated that egg production and feed intake decreased, while feed conversion ratio (FCR) per dozen of eggs increased (p ≤ 0.05) with increasing dietary linseed levels. Egg weight, yolk weight, albumen height, eggshell weight, and eggshell thickness were not influenced (p > 0.05) by linseed levels in the diets offered to the laying hens. The results of the present trial suggest that feeding linseed to the laying hens in hot climates has no detrimental effects on egg characteristics, but has suppressive effects on egg production, feed intake and feed efficiency of laying hens.
INTRODUCTION
Linseed is a very rich source of n-3 polyunsaturated fatty acids (PUFA) among many vegetable sources (Botsoglou et al., 1998) . It is well documented that n-3 PUFA bring potential benefits for human health. This is why many researchers have focused on linseed inclusion in the diets of layers to enhance egg n-3 PUFA content. However, laying performance has not been much emphasized in such studies. Contradictory results on the performance of layers fed linseed as a source of n-3 PUFA have been reported. Some studies indicate that there are no differences in egg production, egg weight, eggshell weight, eggshell thickness and albumen height when layers are fed 0 or 10% linseed (Bean & Leeson, 2003) . Aymond & VanElswyk (1995) observed a decrease in egg production in layers fed 15% linseed; however, other authors reported an increase in egg production when hens were fed 5, 10 and 20% linseed (Scheideler & Froning, 1996; Beynen, 2004) . Bean & Leeson (2003) and Beynen (2004) reported a decrease in feed intake, whereas Caston et al. (1994) and Novak & Scheideler (2001) found a significant increase in feed intake when layers were fed diets containing linseed. In a trial, diets containing 20% linseed reduced egg weight (Beynen, 2004) . Similarly, Sosin et al. (2006) also indicated reduced egg weight when layers were fed linseed. Bean & Leeson (2003) found yolk weight reduction in layers consuming linseed, whereas Sosin et al. (2006) reported that feeding linseed to layers had no effect on the yolk weight. Considering these contradictory results, the effects of linseed feeding on layer performance needs to be further evaluated.
Effect of feeding whole linseed as a source of polyunsaturated fatty acids on performance and egg characteristics of laying hens kept at high ambient temperature Most trials on linseed feeding of layers conducted in the past were carried out in temperate climates, and there is little information available on the performance layers reared at high ambient environmental temperatures in response to diets containing linseed as a source of n-3 PUFA. Thus, the present study was designed to investigate the effects of feeding linseed on the performance and egg characteristics of layers kept at high cyclic ambient temperature.
MATERIALS AND METHODS

Birds, Housing, Experimental Design and Data Collection
Two hundred and forty 38-wk-old single-comb white Leghorn laying hens were randomly distributed into 24 experimental units, designated as replicates. These replicates were randomly allotted, according to a completely randomized experimental design, to treatment groups A (control), B, C, and D, each comprising 60 birds, which were offered experimental diets for a period of 12 weeks. Hens were housed in cages (two birds/cage) providing 0.093 m 2 floor space area per bird, and maintained at high environmental temperature (diurnal temperature ranged between 26 and 41 ºC, with an average of 34 ºC) throughout the study. Treatment groups A, B, C and D were fed diets containing 0, 5, 10 or 15% whole linseed, respectively. All diets were isocaloric and isoproteic ( Table-1 ) and were formulated according to the recommendations of National Research Council (1994). Hens had ad libitum access to feed and water and a lighting program of 16L:8D was applied to all treatment groups throughout Egg production was daily recorded per replicate, whereas feed intake and feed conversion ratio/dozen eggs were weekly recorded. Two eggs per replicate were collected at random at weekly intervals to determine egg weight, yolk weight, albumen height, eggshell thickness and eggshell weight.
Statistical Analyses
Results were submitted to one-way analysis of variance (ANOVA) using GLM procedure, and Tukey's honestly significant difference test was used to compare the means (Minitab 13.1, Minitab Inc., State College, PA). Linear and quadratic regression analyses were also done to estimate hens' response to various linseed levels (Steel et al., 1997) .
RESULTS
The effects of feeding whole linseed on layer performance are shown in Table 2 . Egg production and feed intake linearly decreased (p ≤ 0.05) as dietary linseed level increased. Feed conversion ratio per dozen of eggs also linearly increased (p ≤ 0.05) with dietary linseed levels. All the other evaluated egg quality parameters, including egg weight, yolk weight, albumen height, eggshell weight and eggshell thickness were unaffected (p > 0.05) by feeding linseed to the laying hens (Table-3 ).
DISCUSSION
Most of the previous trials conducted on linseed feeding mainly focused on the dietary enrichment of eggs with n-3 PUFA, and did not consider performance or egg quality parameters, which are critical for commercial layer enterprises. In the present study, the performance and egg quality of the hens receiving linseed in the diet was emphasized. Furthermore, most of the researchers performed linseed feeding trials in temperate or controlled climates. There is no study available on the effects of linseed feeding of layers maintained at high temperatures in sub-tropical and tropical climates. As most layers are reared in open-sided houses in our sub-continent, the present study was carried out with laying hens kept at high cyclic ambient temperature to find out the effect of linseed feeding on the their performance and egg characteristics.
Egg production and feed intake linearly decreased ( Figure 1 and Figure 2) as the dietary level of linseed increased. It has been suggested that the anti-nutritional factors contained in the linseed may impair the digestion and absorption of energy-yielding nutrients (GonzalezEsquerra & Leeson, 2000; Rodriguez et al., 2001 ). Ortiz Effect of feeding whole linseed as a source of polyunsaturated fatty acids on performance and egg characteristics of laying hens kept at high ambient temperature et al. (2001) concluded that deleterious compounds in the linseed interact with other dietary nutrients in linseed-based diets, impairing digestion and absorption and ultimately decreasing dietary AME n . Therefore, anti-nutritional factors in linseed may have been the cause of the decrease in egg production in the present trial. It was noted during the study that egg production and feed intake of birds in all treatment groups tended to be low, and did not reach their genetic potential also due to the hot weather. The inclusion of linseed in the feed produced some off smell, which may have reduced feed intake as dietary linseed level increased. The reduced feed intake, combined with the poor nutrient availability in the diets containing linseed, may explain the poor FCR per dozen eggs observed. The results of the present trial are in agreement with those of Aymond & Van Elswyk (2005) , who reported a decrease in egg production when layers were fed 15% linseed. On the other hand, Jiang et al. (1991) , Caston et al. (1994) , and Bean & Leeson (2003) showed that feeding up to 10% linseed to the hens did not effect egg production. Scheideler & Froning (1996) reported a decrease in feed intake when hens were fed linseed, as found in the present study. All evaluated egg quality and eggshell quality parameters, such as egg weight, yolk weight, albumen height, eggshell thickness and eggshell weight, were not influenced by the increase in dietary linseed levels. These results are consistent with the findings of Scheideler et al. (1998) , Novak & Scheideler (2001) , and Bean & Leeson (2003) , who reported no change in these egg characteristics in layers fed diets containing linseed. On the other hand, Baynen (2004), and Sosin et al. (2006) reported that feeding layers with linseed reduced (p ≤ 0.05) egg weight, while yolk weight remained constant. 
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